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ABSTRACT 


The extinction o£ Herschel 36 has been measured and been found to be 
peculiar In the same sense as that observed In Orion. Following the treatment 
of Mathis and Wallenhorst, this can be explained by the presence of larger 
silicate and graphite grains than are normally found In the Interstellar 
medium. Correcting the stellar flux for foreground extinction results In a 
residual extinction curve for the associated dust cloudy with an unusually 
small normalized extinction (less than 1.0) at 1500 A. This low UV extinction 
may be due to the effects of scattering by the dust cloud material. 
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I. INTRODUCTION 


Thackeray (1950) and Woolf (1961) -have suggested that the 0 star Herschel 
36 (1950 coordinates, a * 18 00 36.2,6 =* -24 22 52 (Van Altena and Jones, 
1972)), which might excite part of the M8 complex, may be embedded in dust. 
Johnson (1967) has shown that Her 36 has unusual UBVRIJKL photometry, similar 
to that found in the Orion Trapezium stars. Since the Orion stars are known 
to have peculiar extinction curves (Bohlln and Savage, 1981), we decided to 
examine the UV extinction of Her 36. 

The evidence for Her 36 being part of the M8 complex is strong. It is 
within 20“ of both the Hourglass nebula and the 3 -GHz radio center of M8 
(Turner et al., 1974) and there is a considerable [0 III] ionization front 
structure near the star (Elliot and Meabum, 1975). An analysis underway 
indicates that ~ 90% of the 1300 - 1900 A spectrvua of the Hourglass can be 
attributed to reflection from Her 36 (Heifer et al., 1981). Recent nebular 
polarization studies by Lacasse et al. (1981) show evidence of large angle 
scattering in the vicinity of Her 36. Her 36 may be a member of NGC 6530, the 
young OB star cluster which appears associated with H8 (Van Altena and Jones , 
1972); this cluster contains 9 Sgr, an 04 V ((f)) star (Walbom, 1973) which 
is supposed to produce most of the ionization in M8 (Pottasch, 1965). UBV 
photometry of the cluster by Walker (1957) indicates a distance of 1.4 kpc and 
a fairly uniform foreground color excess of E(B-V) ■ 0.33. Johnson found that 
Her 36 has an E(B-V) of 0.88 vs. 0.33 for 9 Sgr and that Her 36 is 4.36 visual 
mag fainter than 9 Sgr. The agreement of E(B-V) values for NGC 6530, as a 
whole, and 9 Sgr indicate that there is no shell surrounding that star. 
Clrcumstellar obscuration probably accounts for the faintness of Her 36, since 
the intrinsic magnitude difference between main-sequence 0 stars is less than 
two magnitudes (Walborn, 1973). 
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II. OBSERVATIONS AND DATA REDUCTION 


We have examined low-resolution (6 A) spectra of Her 36 taken with the 
long (LWR 2485, taken 9/28/78) and the short (SWP 4222, taken 2/11/79) wave- 
length spectrographs of the lUE. The 10" by 20" lUE slit was oriented to 
exclude the Hourglass nebula. Using the limited number of early-type spectra 
published by Henize et al. (1975) for comparison, we find that the 1200 - 
1700 A spectrum is earlier than 09 and of lower limiinoslty than a 
supergiant. (Si IV 1394/1403 are strong but much weaker than CIV 1549 , which, 
while strong, is not outstandingly so.) This is consistent with Woolf's 
(1961) 07 dwarf classification which we assume hereafter. There is no 

evidence that Her 36 is a variable, although Walbom (1981) notes that 9^ Orl 
C is a spectriim variable. 

The differential extinction for Her 36 was calculated from 


2.5 log (Fj^(15 Mon)/F^(Her 36)) - 
(V(Her 36) - V(15 Mon)) - E(X-V) 


( 1 ) 


The data for the 07 comparison star 15 Mon (V ■ 4.65, E(B-V) « 0.07) was taken 
from two lUE spectra (LWR 7077, SWP 8146). These points were corrected for 
reddening using the Savage and Mathis (1979) curve shown in Fig. la. The 
normalized extinction, E(X-V)/E(fl-V) , for Her 36 was calctilated in two ways, 
from 1260 - 3000 A, after joining the two spectra at 1950 A. The first 
method, not correcting for any foreground extinction of Her 36, used the flux 
measurements described above, along with E(B-V) equal to 0.88 and V equal to 
10.3 in equation 1. This result is shown in Fig. lb. The second technique 
involved dereddening the flux of Her 36 corresponding to the assumed fore- 
ground differential absorption, E(B-V) = 0.33, by using the Savage and Mathis 
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E(X-V)/E(B-V) 


ENERGY (1 /MICRONS) 



1 260 I600 2000 2400 2800 3200 3600 

WAVELENGTH (ANGSTROMS) 


Fig. 1. Extinction vs. Wavelength; the Shortest Wavelength Shown 
is 1260 A. (a) Normal interstellar extinction curve 
(Savage and Mathis, 1979). (b) Herschel 36 measured 
total extinction, (c) Herschel 36 with foreground 
extinction removed (see text). The open circle value at 
3600 A is from Johnson (1967) and is the same for (b) 
and for (c). 


4 


cuirve (1979). Assuming a V of 9.3, corrected for 1 mag of foreground 
absorption, the residual extinction curve shown in Fig. Ic was calculated. 
The Rochester group found that these results are unchanged, within the noise, 
if X Ori (08V) or 10 Lac (09V) were used as comparison stars. Both curves, lb 
and Ic, can be extrapolated to Johnson’s (1967) U photometry point, E(U- 
V)/E(B-V) ■ 1.66, 1.64, respectively. Following Mathis and Wallenhorst (1982) 
we also show, in Fig. 2, E(X“V)/E(2170-V), 
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E(X-V)/E(2I70-V) 


ENERGY (1 / MICRONS) 

7 6 5 4 3 



WAVELENGTH (ANGSTROMS) 


Fig* 2. Extinction vs. Wavelength Normalized to the Peak at 
2170 A; the Shortest Wavelength Shown is 1260 A. (a) 
Normal interstellar extinction curve (Savage and Mathis, 
1979). (b) Herschel 36 measured total extinction (shown 
as dots). The open circle point at 3600 A is from 
Johnson (1967). The solid circles represent derived 
points from a mixture of silicate and graphite grains 
using the data from Mathis and Wallenhorst (1981). They 
apply only to curve b (see text). (c) Herschel 36 with 
the foreground removed (see text). For clarity the data 
have been smoothed by averaging over 20-A intervals. 

The open circle point at 3600 A is from Johnson (1967). 
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III. DISCUSSION 


The existence of anomalous extinction curves Is well established (see 
Meyer and Savage, 1981; Bohlln and Savage, 1981; Sltko, Savage and Meade, 
1981; Witt, Bohlln and Stecher, 1981; Seab, Snow and Joseph, 1981; Greensteln, 
1981; Snow and Seab, 1980; Wu, Gllra and Van Dulnen, 1980). However, only one 
quantitative model has been proposed to explain them (Mathis and Wallenhorst, 
1981; hereafter tW). 

The Her 36 extinction curves are similar to those In other dusty regions, 
e.g. p Oph and Orion. As In these regions the extinction at the 2170 A bump 
Is weaker than normal (4.4 In Fig. lb and 3.1 In Fig. Ic); the extinction 
shortward of 2170 A Is much weaker, relative to normal extinction, than Is the 
extinction near 3000 A; and there Is a far-UV rise only at wavelengths less 
than 1400 A, Instead of the normal-UV rise near 1800 A. From Fig. lb (Ic) we 
find that E(2170 ~ 3300)/E(B-V) ■ 2.7 (1.4) compared to the normal value of 
5.0 (Savage, 1975). These low values make Her 36 the most extreme member of 
the group 9 Orl, NU Orl, a Sco and p Oph. The position of the bump at 
2170 A appears normal. 

A. No Correction for Foreground Extinction (Figs, lb, 2b) 

It Is of Interest to see If the MW model Is useful In Interpreting our 
results. MW give the optical depth per 10^'^ H atoms for different 

distributions of graphite and silicate grains. We have fit cuirve b In Fig. 2 
by simply adding their graphite and silicate distributions, calculating 
E(X-V)/E(B-V) , and normalizing the resxilts to the 2170 A bump. (This assumes 
that carbon and silicon are equally depleted.) The best fit occurs when a 
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0.04 - 0.5 vm silicate grain distribution is added to a 0.02 “ 0.4 pm graphite 
grain distribution. Also shown (as error bars) is the result of varying the 
graphite distribution from 0.01 - 0.4 ym (bottom bar) to 0.04 - 0.5 ym (top 
bar). The normal interstellar extinction curve (Figs, la, 2a) is fit by using 
a 0.01 - 0.25 ym distribution for both materials (Mathis, Sumpl and Nordsieck, 
1977). 

A value for R (the ratio at 5500 A of the total to selective extinction) 
can be calculated following Johnson (1967). The apparent magnitude difference 
between Her 36 and 9 Sgr is 4.36 mag. The absolute magnitude difference 
between an 07 star (Walbom 1973) and 9 Sgr (Humphreys, 1978) is 1.3 mag. We 
add the foreground extinction for 9 Sgr, Ay=»1.0, to the difference and divide 
by the color excess for Her 36, 0.88, to get R”4.6. If the foreground 
extinction in front of 9 Sgr also is in front of Her 36, accounting for 0.33 
mag of the color excess, and we correct for it, we get R”5.6 for the residual 
extinction of the absorbing cloud around Her 36. Even if Her 36 is sublumi- 
nous by as much as 1 mag, as 0^ Ori C may be (Walbom, 1981), both R values 
are larger than the normal value, 3.1. MW state that a larger silicate or 
graphite maximum size is needed when R is larger than 3.1, and our best fit is 
in agreement with this statement. 

MW found similar results for the silicate grain distribution in two other 
dusty regions near p Oph and 9^ Ori C. The larger R value correlates with the 
greater silicate maximum size, while the absence of a rise in the notnnalized 
extinction at wavelengths less than 1800 A implies that the smaller silicates 
are absent. The rise at 1400 A is due to graphite and not to silicates, 
according to the optical depth table given in MW. The derived graphite grain 
distribution also has a larger average size than normal, although the minimum 
size is less than MW found for 9^ Ori C. However, since the bump position and 
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width are normal, as in a Sco, the minimum size should have the usual 
interstellar value according to MW. This discrepancy may be related to the 
problem of the optical depth of the grains, which is discussed below. 

B. Corrected For Foreground Extinction (Fig. Ic, 2c) 

The normalized extinction, shown in Figs. Ic and 2c, is similar to that 
found in the Orion region (Bohlin and Savage, 1981). Besides a weak (Ic) and 
narrow (2c) bump (E(2170-V)/E(B-V) = 3.1), the most striking feature is that 
the ^T^^Tl^TIllTIn near 1500 A is slightly less than 1, the value at 3000 A. This 
can be compared to the MW cuirves by calculating a value of X *• E(2170- 
3460)/E(2170-1430) . The value of X for the corrected Her 36 normalized 
extinction (Fig. 2c) is 0.7. This value is accurate even if we consider how 
much our dereddening procedure would be affected by the regional variations in 
foreground extinction discussed by Meyer and Savage (1981). Following Massa 
et al. (1982) we can also use MS data (Wessellus et al., 1982) at 1500, 2200, 
and 3300 A for another M8 member star (HD164816 BO V, E(B-V) ■ 0.30), in order 
to estimate the variation from the Savage and Mathis curve. With this 
procedure our value for X could be as high as 0.9. The normal value of X 
derived from the interstellar extinction curve (Fig. 2a) is 3.4. In order to 
understand this result, we note that the value of X drops to 1.7 if the largest 
graphite and silicate distributions are used in computing the MW curves. 
Using only the largest graphite grain distribution, which does not peak at 
2170 A, reduces the value of X to 1, which is still above the Her 36 result. 

Part of the extinction may be due to the cloud of residual proto-stellar 
material surrounding Her 36 (Woolf, 1961). It is therefore necessary to take 
into account not only photons absorbed or scattered by intervening dust 
grains, the effect of which is included in the MW curves, but also photons 
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scattered Into the field of view by nearby material. Also, If the material 
obscuring Her 36 Is optically thick, multiple scattering effects must also be 
Included. Since the cloud around Her 36 has an optical depth of 4.4 at 
2170 A, derived from the R value of 5.6 and the peak value of the excess In 
Fig. Ic, the multiple scattering effects are Important. One possibility which 
would allow those effects to be estimated Is to assume that this peculiar 
extinction Is caused by a clrcumstellar shell around Her 36. Mathis (1972) 
gave a formula, good to 15% accuracy for optical depths less than 4, which 
allows the extinction by a dust shell to be calculated. We shall assume It Is 
applicable, with lesser accuracy, for our range of T In order to estimate the 
effects of multiple scattering. To use the formula we first calcxilate from 
Mle theory the albedo, asymmetry and optical depth (van de Hulst, 1957) for 
the various sizes of graphite and silicate grains Included In the MW size 
distributions discussed previously. The dielectric constants for silicates 
were taken from Huffman and Stapp (1973), and those for graphite were taken 
from Taft and Philipp (1965) and Tosattl and Bassanl (1970). Calculations 
using the Mathis formula Indicate that for an MW size distribution of silicate 
and graphite grains In a clrcumstellar shell, the value of X will increase 
relative to the MW result, X 1, given above. Therefore, scattering by 
graphite and silicate grains In a clrcumstellar shell would not appear to be 
the sole cause of the extinction around Her 36. 

However, the dielectric constants of graphite are controversial (see 
Huffman, 1977; Hecht, 1981). If we use those values measured by Venghaus 
(1975), rather than those from Tosattl and Bassanl (1970), we find, using the 
Mathis formula, that X actually decreases to less than 1 for the larger 
graphite grain distributions. Because of the uncertainty in these 
calculations, it can only be stated that the dust could be predo minan tly 0.02 - 
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0»5 mn graphite particles, with less than 5% of the optical depth arising from 
0.02 - 0.5 ym silicate particles. It does not appear that the dust could 
have the normal interstellar mixture or even consist equally of silicates and 
graphite. The exact mixture cannot be uniquely determined, but clearly more 
graphite grains than silicate grains are required. Calculations were also 
made using Code's (1973) simple formula for radiative transfer through 
extended circximstellar material, and the results support these same general 
conclusions . 

These calculations are only approximate since the exact effects of 
scattering will be affected by cloud geometry. However, since the optical 
depth of the cloud is large and most of the emergent photons have undergone 
multiple scattering, regardless of the details of cloud geometry, light 
scattering is Important in understanding the extinction of Her 36. Thackeray 
(1950) has suggested that the dust associated with a wisp of bright nebulosity 
apparently connected to Her 36 might be the cause of its obscuration. Johnson 
(1967), however, found the nebula emission north and south of the star to be 
much fainter than the emission from the direction of the star. One 
possibility, consistent with oxir work and the above-mentioned studies, is that 
the peculiar extinction is due to light scattered from a shell of material 
concentrated around Her 36. 
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IV. CONCLUSIONS 


The graphite and silicate grains which are causing the extinction of Her 
36 are larger than those found In the Interstellar medium. This Is consistent 
with the results of MW. In particular, with the foreground extinction removed, 
the resultant cloud seems to be predominantly graphite, although some larger 
silicate grains may be present. The decrease In extinction at 1500 A from > 2 
to a value of less than 1, after the removal of foreground extinction, may be 
caused by scattering effects from dust close to the star. This suggests that 
such effects may be Important In the analysis of other cloud regions. 
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